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Abstract 
In the present study, a high power continuous wave CO2 laser has been used for development of titanium boride/di-
boride dispersed aluminium matrix composite on aluminium, a graded SiC dispersed α-Fe matrix composite on mild 
steel and TiN dispersed α-Ti matrix composite on Ti6Al4V. A detailed study of the microstructures and phases 
developed in the composite layer has been investigated and correlated with process parameters. A significant 
improvement in microhardness and wear resistance properties was recorded. The mechanism of properties 
improvement is discussed in detail.  
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1. Introduction 
Metal matrix composites are new class of materials that exhibit good wear and erosion resistance properties, higher 
stiffness and hardness at a lower density as compared to the matrix [1]. However, presence of ceramic particles 
makes the matrix brittle and induces anisotropy [1]. The presence of interfacial defects is another problem 
associated with dispersion of dissimilar phases in the matrix. Furthermore, cost of development of metal matrix 
composite with improved property is another problem associated with metal matrix composite. Wear and erosion are 
surface dependent degradation which may be improved by hardening the surface of any component [2]. Hence, 
instead of bulk reinforcement, if the hard phases are dispersed on the surface, it could improve the wear and erosion 
resistance without sacrificing the bulk properties [3]. Plasma transferred arc welding is the only commercially used 
technique to disperse composite layer on the surface of a substrate, however, a broad heat affected zone and 
distortion of the substrate are the problems associated with plasma transferred arc welding [1]. Furthermore, the 
thickness and composition of the composite layer may be required to vary depending on the service conditions of the 
component. A high power laser beam may be used as a source of heat to melt the substrate and subsequently, deposit 
ceramic particles into molten substrate to form a ceramic dispersed metal matrix composite layer [3]. The process 
may be applied to develop the surface consisting of dispersion of intermetallics or interstitial compounds.  
 
 
 
* Corresponding author. Tel.: +91-3222-255221. 
E-mail address: jyotsna@metal.iitkgp.ernet.in. 
c⃝ 2010 Published by Elsevier B.V.
Physics Procedia 5 (2010) 425–430
www.elsevier.com/locate/procedia
1875-3892 c⃝ 2010 Published by Elsevier B.V.
doi:10.1016/j.phpro.2010.08.164
Open access under CC BY-NC-ND license.
Open access under CC BY-NC-ND license.
In the present contribution, the application of high power laser in the development of metal matrix 
composite surface on aluminium (dispersed with titanium boride), mild steel (dispersed with silicon carbide) and 
titanium (dispersed with titanium nitride) has been described in detail.  
2. Laser Composite Surfacing of Al with TiB/TiB2 
In the present investigation, commercially pure Al of dimension: 20 mm × 20 mm × 5 mm was sand blasted prior to 
laser processing. Laser composite surfacing was carried out by melting the surface of the substrate using a 10 kW 
continuous wave CO2 laser (with a beam diameter of 3.5 mm) and simultaneous deposition of a mixture of K2TiF6 
and KBF6 (in the weight ratio of 2:1) through an external feeder (at a feed rate of 4 g/min) with Ar as shrouding 
environment. The process variables used for the present study were applied laser power (1.2-1.5 kW) and scan speed 
(300 – 1100 mm/min) [4].  The microstructure of the composite layer (both the top surface and the cross section) 
was characterized by optical and scanning electron microscopy. A detailed analysis of the phase and composition 
were carried out by X-ray diffractometer and energy dispersive X-ray spectroscopy, respectively. The 
microhardness of the composite layer was measured by a Vickers microhardness tester using a 25 g applied load. 
Finally, the wear behavior of composite surfaced Al was compared to that of the as-received one by a Friction and 
Wear monitor unit (model no.: TR-208-M1) with the specimen as disc and diamond pyramid indenter (120°) as pin.  
  Fig. 1 shows the cross-section of laser composite surfaced Al (with TiB/TiB2) lased with a power of 1.2 
kW, scan speed of 700 mm/min. and powder feed rate of 4 g/min. From Figure 1, it is relevant that the 
microstructure of the composite layer consists of finely dispersed TiB2 and TiB particles in grain refined Al matrix 
(confirmed by X-ray diffraction study). Fig. 2 shows the scanning electron micrograph of the top surface of laser 
composite surfaced Al lased with a power of 1.2 kW, scan speed of 500 mm/min. From Fig. 2 it is relevant that the 
microstructure of the composite surface consists of uniformly dispersed highly refined TiB2 and TiB particles (as 
confirmed by X-ray diffraction study) in the grain refined Al matrix. The particle size of TiB2 and TiB was found to 
vary from 1 m to 5 m for different conditions of lasing. The volume fraction and size of particles were found to 
vary with laser parameters. Decreased volume fraction of particles with increase in applied power was attributed to a 
higher depth of melting at an increased power and hence, an increased dilution. On the other hand, increasing power 
input favors particle growth because of a higher temperature. Increasing scan speed, on the other hand, increases the 
area fraction of particle. Increased number of particles with increase in scan speed is because of lower depth of 
melting at a higher scan speed (due to low interaction time) and hence, decreased dilution. The aspect ratio of the 
precipitates increases and it gets refined with increase in scan speed. In this regard, it is relevant to mention that the 
volume fraction of particles was found to be uniform throughout the composite layer. However, careful choice of 
laser parameters is essential for the formation of desired area fraction of particles and depth of penetration.  
 
 
 
 
Fig. 1. Scanning electron micrograph of the cross-section of laser 
composite surfaced Al with TiB2 lased with a power of 1.2 kW, 
scan speed of 700 mm/min and powder feed rate (Fp) of 4 g/min 
Fig. 2.  Scanning electron micrographs of the top surface of laser 
composite surfaced Al lased with a power of 1.2 kW, scan 
speed of 700 mm/min 
 
Fig. 3 shows the microhardness profiles with depth from the surface of laser composite surfaced Al with 
TiB2 lased with a power of 1.5 kW, scan speed of 500 mm/min (plot 1) 1.5 kW, 700  mm/min (plot 2) and 1.2 kW, 
700 mm/min (plot 3). From Fig. 3, it may be noted that the microhardness is maximum at the surface and decreases 
as the depth from the surface increases. The variation of microhardness with depth might be attributed to coarsening 
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of microstructure with depth. Moreover, the average microhardeness of the composite layer was found to vary with 
process parameters. It was observed that laser processing at an increased power reduced the microhardness of the 
composite layer (curve 2 vis-à-vis curve 3). The effect of scan speed on the microhardness is not so prominent when 
laser processing is conducted at a higher power level (curve 1 vis-à-vis curve 2). Increase in microhardness of the 
composite layer with decreasing power is attributed to increased area fraction of particles by the application of 
decreased power. Hence, it may be concluded that mechanism of hardening in TiB2 dispersed Al is predominantly 
due to dispersion of hard phase in the matrix and partially due to refinement in microstructure. Gradual change in 
microhardness with depth is beneficial as it avoids a sharp interface and reduces mismatch at the interface. Fig. 4 
shows the variation of wear loss (in terms of depth of wear) as a function of time for as received Al and laser 
composite surfaced Al with TiB2 (lased with a power of 1.2 kW and scan speed of 700 mm/min) using a friction and 
wear monitor unit with an applied load of 500 g against diamond indenter. From Figure 4 it is relevant that the rate 
of wear increases with time and applied load, respectively. In pure Al (plot 2), the wear rate is very high at the initial 
stage of wear (up to 300 s of interaction time) following which the rate of wear decreases. On the other hand, in 
laser composite surfaced Al the magnitude and rate of wear are significantly lower than that of as-received Al. The 
kinetics of wear was however, found to vary with laser parameters. Maximum wear resistance was achieved for 
laser composite surfaced Al lased at a power of 1.2 kW and scan speed of 700 mm/min. In this regard, it is relevant 
to mention that the improved wear resistance of laser composite surfaced Al is attributed to improved microhardness 
of the composite layer because of grain refinement and precipitation of fine and hard TiB2 and TiB particles in the 
matrix.  
  
 
 
 
Fig. 3. Microhardness profiles with depth from the surface of laser 
composite surfaced Al with TiB2 lased with a power of 1.5 kW, 
scan speed of 500 mm/min (plot 1) 1.5 kW, 700 mm/min (plot 
2) and 1.2 kW, 700 mm/min (plot 3) 
 
Fig. 4. Cumulative wear loss (in terms of vertical displacement) as 
a function of time for as-received Al (plot 1) and laser 
composite surfaced Al with TiB2 (plot 2) with an applied 
load of 500 g against diamond indenter 
 
3. Compositionally Graded Silicon Carbide Dispersed Composite Surface on Mild Steel 
In the presence study, attempts have been made to develop a compositionally graded silicon carbide dispersed Fe-
based metal matrix composite onto the surface of mild steel substrate using a 10 kW continuous wave (CW) CO2 
laser with a beam diameter of 3.5 mm by melting of Fe+SiC particles (particle size 25-50 μm and of thickness 500 
μm) and subsequently applying it on the surface of mild steel substrate (of dimension: 2 cm x 2 cm x 1 cm) with Ar 
as shrouding gas to avoid oxidation. Two successive clad layers were developed with the base layer at the Fe to SiC 
ratio (by weight) of 95:5 and the top layer at the ratio of 85:15 to achieve the graded distribution of SiC with depth. 
A detailed study of the micro-structure, phases and composition of the surface composite layer (processed under 
optimum conditions) has been undertaken to understand the effect of laser processing on the characteristics of the 
surface layer [5]. The mechanical (micro-hardness and wear resistance) property of the composite layer has been 
also evaluated in details.  
Fig. 5 shows the scanning electron micrograph of the top surface layer of laser composite surfaced mild 
steel with Fe+SiC (at a ratio of 90:10). From the top layer microstructure it is evident that SiC particles were not 
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dissociated. The microstructure of the particle matrix interface shows that the interface is adherent and defect free.  
On the other hand, the microstructure of the bottom layer consists of partially dissolved SiC particles dispersed in 
grain refined steel matrix. A detailed x-ray diffraction profile of the top surface shows the presence of a number of a 
few SiC and Fe2Si peaks along with α-Fe peaks. However, Fe2Si content increased with increasing depth from the 
surface. Partial dissociation of SiC particles is attributed to the heating effect of the bottom layer due to extraction of 
heat from the top layer during its deposition and subsequent solidification. Laser parameters play an important role 
in determining the grain refinement achieved and degree of dissociation. With decreasing laser power and increasing 
scan speed, the grain size was finer with a lower degree of dissolution at the bottom layer. The microhardness of the 
top surface is increased significantly to a value of 400 to 650 VHN as compared to that of as-received substrate (190 
VHN). Furthermore, the microhardness of the composite layer decreases with depth. The gradual decrease in 
microhardness values with depth is attributed to a decrease in area fraction of precipitates with depth. Apart from the 
dispersion of precipitates, grain refinement also plays a major role in enhancing the microhardness of the clad zone 
as compared to that of the substrate. Fig. 6 shows the kinetics of wear in terms of depth of wear as a function of time 
for the as received (plot 1) and laser surface clad mild steel with Fe+SiC at the surface (plot 2) and at a depth of 
1000 μm (plot 3) from the surface, respectively. From Fig. 6 it may be concluded that that there is a significantly 
reduction in wear rate in laser surface clad mild steel with Fe+SiC as compared to that of as-received substrate. 
Furthermore, the wear rate increases with increase in depth from the surface. In this regard, it is relevant to mention 
that the maximum wear resistance at the surface is attributed to formation of more Fe2Si phase and increasing the 
overall hardness of the matrix.  
 
 
 
Fig. 5. Scanning electron micrograph of the top layer (Fe to SiC ratio 
85:15) of laser composite surfaced mild steel with Fe+SiC 
 
Fig. 6. Cumulative wear in terms of depth of wear as a function 
of time against diamond indenter for as-received (plot 1) 
and the laser composite surfaced mild steel at the surface 
(plot 2) and 1000 μm (plot 4) from the surface 
 
4. Titanium nitride dispersed α-Ti matrix composite by laser gas alloying  
In the present study, laser surface nitriding of Ti-6Al-4V was carried out by irradiating the substrate using a 2 kW 
continuous wave (CW) laserline diode laser with a mixed 810 nm and 940 nm wavelengths (maximum power of 1.5 
kW) and with optical fibre beam delivery system (with a spot area of 3.5 x 2 mm2) using nitrogen as shrouding gas. 
The main process variables used in the present study were applied laser power and gas flow rate. The process 
variables used for the present study were applied power (600-800 W) and gas flow rate (5-20 l/min). The scan speed 
was maintained constant at 6 mm/s [6].   
Fig. 7 shows the scanning electron micrograph of the top surface of laser surface nitrided Ti-6Al-4V lased 
with a power of 600 W, scan speed of 6 mm/s and gas flow rate of 10 l/min. From Fig. 7 it may be noted that laser 
surface nitriding causes formation of a continuous and defect (micro-porosity and micro-crack) free nitride surface 
consisting of dendrites of titanium nitride in α-Ti matrix (as confirmed by X-ray diffraction analysis) with an 
average inter-dendritic spacing of 2-4 μm (between TiN and TiN) for different conditions of lasing. Fig. 8 shows the 
variation of microhardness with depth from the surface of laser surface nitrided Ti-6Al-4V lased with power of 600 
W (plot 1) and 700 W (plot 2) at a nitrogen gas flow rate of 10 l/min. From Fig. 8 it is evident that microhardness in 
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the nitrided zone is significantly improved almost uniform along the cross section with depth. Furthermore, the 
average microhardness of the nitrided layer decreases with increase in laser power. Decreased microhardness with 
increase in applied power is due to coarsening of microstructure. Similarly, the microhardnes of the nitride surface 
was also observed to vary with gas flow rate increases with increase in gas flow rate from 5 l/min to 10 l/min and 
then decreases with further increase in gas flow rate [8]. A maximum surface hardness was developed when laser 
surface nitrided with an applied power of 600 W and gas flow rate of 10 l/min (1175 VHN) [6].   
 
 
 
Fig. 7. Scanning electron micrograph of the top surface of laser 
surface nitrided Ti-6Al-4V lased with a power of 600 W, 
scan speed of 6 mm/s and gas flow rate of 
Fig. 8. Variation of microhardness with depth of laser surface 
nitrided Ti-6Al-4V lased with power of 600 W (plot 1) 
and 700 W (plot 2) at a nitrogen gas flow rate of 10 l/min 
 
5. Summary and Conclusions 
In the present contribution, the application of high power laser in the development of metal matrix composite 
surface on aluminium, mild steel and titanium has been described in detail. The major conclusions of the study are: 
1. A composite layer of titanium boride (TiB2 and TiB) dispersed Al-based metal matrix composite has been 
formed on pure Al by laser melting and simultaneous feeding of a mixture of K2TiF6 and KBF6. Dispersion of 
titanium boride in grain-refined Al-matrix with a significant improvement of average microhardness (2-3 times) and 
wear resistance (5 to 8 times) as compared to as-received aluminium was achieved.  
2. A compositionally graded SiC dispersed layer was developed on the surface of mild steel by multiple 
cladding.  The microhardness of the compositionally graded SiC dispersed layer was significantly improved to as 
high as 630 VHN as compared to 190 VHN of the substrate. Wear resistance was improved with a maximum wear 
resistance at the surface and decreasing with depth.  
3. Laser gas alloying of titanium with nitrogen leads to formation of TiN dendrites in α-Ti matrix. The 
micohardness of the nitrided zone is significantly increased to 600-1200 VHN as compared to 280 VHN of as-
received Ti-6Al-4V substrate and varied with laser parameters. .  
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